Objective: Besides genetic factors there are environmental effects including nutritional habits which can influence the risk of age-related diseases. The aim of the study was to assess the age dependence of selected cardiovascular risk markers in two groups of subjects with different nutritional pattern.
INTRODUCTION
Ageing is a complex process that negatively affects the development of different systems. However, the rate of ageing in humans is not uniform due to genetic heterogeneity and the influence of various factors including nutrition (1) . Age-related changes in body function or composition that could serve as a measure of biological age and predict the onset of age-related diseases or residual lifetime are termed biomarkers of ageing. Age is a major risk factor in many diseases and biomarkers could be subsequently used to identify individuals at high risk of developing age-associated diseases or disabilities (1) (2) (3) .
Ageing belongs to main risk factors in development and incidence of cardiovascular diseases, which are very frequently diagnosed in older individuals (4, 5) . The gradual prolongation of life requires adequate health care as well as healthy life style, appropriate physical activity and correct nutrition (6) .
The main goal of this study was to assess the selected cardiovascular risk parameters -lipid parameters and markers of insulin resistance in two groups of subjects with different nutritional pattern in relation to age.
MATERIALS AND METHODS
Randomly selected group of 548 apparently healthy adult non-obese non-smoking subjects aged 21-70 years were divided into two groups according to their nutritional habit. Vegetarian group consisted of 270 lacto-ovo-vegetarians (111 men, 159 women), who consumed plant food, dairy products and eggs. Non-vegetarian control group was represented by 278 persons of general population on traditional mixed diet (105 men, 173 women). Vegetarian group: average age 42.6 ± 0.9 (SEM) years, BMI 22.6 ± 0.2 kg/m 2 , duration of vegetarianism 10.6 ± 0.4 years; non-vegetarian group: average age 42.3 ± 0.8 years, BMI 23.9 ± 0.2 kg/m 2 (p < 0.001). In terms of evaluation of age dependence of risk cardiovascular markers, all probands were divided into age groups by decades (Table 1) . The volunteers were selected according to age, gender, nutritional habit, BMI < 30 kg/m 2 , no smoking and no supplementation subjects were selected from database of previous research university projects as well as from database of employees and students of Slovak Medical University and other universities in Bratislava. They had approximately similar physical activity (mental work, no active sports).
Venous blood was sampled after an overnight fasting by a standard procedure. Serum concentrations of total cholesterol, HDL-cholesterol, triacylglycerols, and glucose were examined using standard laboratory methods. Values of LDL-cholesterol were calculated in accordance with the Friedewald formula (LDL-cholesterol = total cholesterol -triacylglycerols/2.2 -HDL-cholesterol). The atherogenic index was expressed as a ratio of total cholesterol and HDL-cholesterol. Serum concentrations of insulin were detected by electro-chemiluminescence immunoassay (Roche Elecsys Insulin Test). Insulin resistance values IR(HOMA) (HOMA -homeostasis model assessment) were calculated from fasting concentrations of insulin and glucose: IR(HOMA) = insulin x glucose/22.5 (reference value < 2.2). The intake of vitamins, mineral and trace elements only in natural form was allowed (no supplementation). The study was conducted in spring (April, May), the same number of vegetarian The results are expressed as mean ± SEM; significance levels: vegetarians vs. non-vegetarians; °p < 0.05, ^p < 0.01, *p < 0.001
and non-vegetarian subjects divided according to age decades were analysed each week. The Student t-test and linear regression analysis were applied for final evaluation.
RESULTS
Compared to non-vegetarians, concentrations of total cholesterol, LDL-cholesterol and values of atherogenic index in vegetarians were significantly reduced in all age decades (Table  1 , Fig. 1) . Similarly, vegetarian triacylglycerol concentrations were significantly reduced from 4th to 7th decade. Vegetarian average decade values of all lipid parameters were in reference range. In non-vegetarian group, the risk average values of total cholesterol (> 5.2 mmol/l) were found from 5th to 7th decade, LDL-cholesterol (> 3.3 mmol/l) in 7th decade and atherogenic index (> 4) in 6th and 7th decade. In healthy non-obese vegetarians vs. non-vegetarians were noted average decade values for total cholesterol ranging from 4.01-4.59 vs. 4.48-5.67 mmol/l, for triacylglycerols 1.00-1.33 vs. 1.13-1.74 mmol/l, for LDLcholesterol 2.03-2.58 vs. 2.43-3.49 mmol/l, and for atherogenic index 2.72-3.31 vs. 3.05-4.21, respectively (Table1, Fig. 1 ).
Hyperinsulinemia and insulin resistance are critical components of the metabolic syndrome and the early manifestations of type 2 diabetes. Insulin resistance IR(HOMA) was based on assumption that healthy subjects with normal weight aged less than 35 years have the insulin resistance of 1 and 100% of beta cell function. Vegetarian vs. non-vegetarian IR(HOMA) and insulin values in presented study were significantly reduced in all age decades (Table 1 (Fig. 1Pra) .
DISCUSSION
Nutrition knowledge from previous studies suggests that the consumption of saturated fatty acid (animal sources) is associated with hypercholesterolemia, while polyunsaturated fatty acids (plant oils, oil seeds, nuts, oil spreads) were reported to have a cholesterol lowering effect. Consumption of food high in dietary fiber (fruit, vegetables, legumes, whole grain products, nuts, seeds) is associated with a lower risk of cardiovascular disease because of the ability of soluble and insoluble fibers to reduce plasma total cholesterol, LDL cholesterol and glycemic index. The hypocholesterolemic effect of fibre is due to an increase in bile-acid binding and faecal sterol excretion. Fermentation of soluble fibre results in production of short-chain fatty acids that inhibit hepatic cholesterol synthesis. In addition, plant food contains also components able to reduce cardiovascular risk such as saponins (legumes), plant proteins, antioxidant nutrients, selenium, polyphenols, and flavonoids (7) (8) (9) (10) (11) (12) . Previously, the dietary recommendations to reduce cardiovascular risk were aimed at decreasing of total and saturated fatty acids intake from meat consumption. Actually, the effect of this factor only may not be sufficient. Various plant foods in nutritional pattern are necessary for favourable modification of lipid and lipoprotein profile (13, 14) . etarians (148 men, 269 women; lacto-, lacto-ovo-and vegans). The mean total cholesterol and non-HDL-cholesterol concentration and the total HDL-cholesterol ratio showed expected age dependence with maximum values within the decade 60-70 years. Vegetarians showed lower total and non-HDL cholesterol concentration compared to the general population. Furthermore, the age dependent increase of these parameters was less pronounced in vegetarians. The calculated linear equations of lipid markers in dependence to age presented in our study showed that age dependent changes are also less pronounced in vegetarians (linear equations in vegetarians: total cholesterol = 0.0135 age + 3.8036, r = 0.302; LDL-cholesterol = 0.0136 age + 1.7983, r = 0.321; atherogenic index = 0.0125 age + 2.5001, r = 0.238; linear equations in non-vegetarians: total cholesterol = 0.0303 age + 3.8234, r = 0.472; LDL-cholesterol = 0.0276 age + 1.8268, r = 0.455; atherogenic index = 0.0290 age + 2.4651, r = 0.351).
Cardiovascular risk can be decreased by plant protein consumption. Experimental studies described that animal proteins with higher content of essential amino acids in comparison to plant proteins induce an elevation of plasma total and LDL-cholesterol concentrations that can be prevented by a plant protein consumption (7, 16) . Composition of dietary proteins has the potential to influence the balance of glucagon and insulin activity (17) . Plant proteins are higher in non-essential amino acids compared to reference protein and other animal proteins (8) . Essential amino acids are relatively more effective for releasing insulin, whereas non-essential amino acids (arginine and pyruvigenic amino acids) are effective in glucagon secretion. The effect of a chronic increase in glucagon activity by regular and sufficient intake of plant proteins means a reduction in lipogenesis, cholesterol and triacylglycerol synthesis. The higher intake of methionine and lysine from animal protein has an unfavourable effect on phospholipid metabolism (8) . Subjects consuming predominantly plant food may be at lower risk of type 2 diabetes occurrence than persons on traditional mixed diet (18) . Complex carbohydrates with low glycemic index are slowly absorbed and thus they have a beneficial effect on glucose control, hyperinsulinemia, insulin resistance and blood lipids. In previous study we described that vegetarians consume significantly more whole grain products, legumes, barley, oat, fruit and vegetables, which contain complex carbohydrates with soluble fiber (19) .
CONCLUSION
The favourable mean age decade values of lipid and non-lipid cardiovascular risk markers in adult vegetarians aged 21-70 years in all five age decades were significantly reduced with smaller changes between decades in comparison to non-vegetarians, thus they document a protective effect of vegetarian nutrition in prevention of cardiovascular disease. Personal clinical studies can be recommended for therapeutic nutrition of individuals with hyperlipoproteinema, DM 2 type, obesity, non alcoholic steatosis hepatis and hyperuricemic syndrome.
